We have studied the effect of cobalt substitution in L1 0 -Fe 1−x Co x Pt films by means of x-ray magnetic circular dichroism (XMCD) and first-principles calculations. The magnetic moments of Fe (∼2.5 µ B ) and Co (∼1.5 µ B ) deduced using XMCD were almost unchanged upon Co doping, and the net magnetization decreases with increasing Co content. Calculation also showed that the 3d electrons that have been added by Co substitution occupy only spin-down bands.
principles calculations 10, 11 suggested that the net magnetization decreases with increasing Co content.
In order to resolve this issue, we have performed x-ray absorption spectroscopy (XAS) and x-ray magnetic circular dichroism (XMCD) measurements, by which one can obtain the (effective) spin and orbital magnetic moments of each constituent element separately [12] [13] [14] . Since XAS and XMCD are also sensitive to chemical states 15 , it is possible to deduce the intrinsic magnetic moments excluding contributions from impurities such as surface oxides 16, 17 . In addition, we have done first-principles calculations to deduce the magnetic dipole term in the spin sum rule and to discuss the effect of Co substitution in FePt films.
Samples were grown using the dc and rf sputtering methods on glass substrates. The sample structure was "C cap (4 nm)/Fe 1−x Co x Pt (22 nm)/MgO (20 nm)/seed/glass substrate" (x = 0, 0.05, 0.1, 0.15, 0.3). Because we found strong oxide peaks in the XAS spectrum of the x = 0 sample, we used another sample with the different structure of "C cap (4 nm)/FePt (5 nm)/MgO (5 nm)/seed/glass substrate" for XAS and XMCD measurements. The MgO, C layers were grown at room temperature, while Fe 1−x Co x Pt layer was grown at the elevated temperature of 600
• C to The inset shows the ratio R of Co L 2,3 XAS integral to the Fe one as a function of Co content x.
achieve the (001)-oriented L1 0 -ordered phase 18 . We used separate Fe, Co and Pt targets to control the composition.
XAS and XMCD measurements were conducted at beam line BL-16A1 of Photon Factory (PF), High Energy Accelerator Research Organization (KEK). The spectra were taken at room temperature in the total-electron-yield (TEY) mode. A magnetic field of 5 T was applied parallel to the incident x rays and perpendicular to the film surface so that the magnetization of Fe 1−x Co x Pt was fully saturated. A double-step function with amplitude ratio 2:1 representing the L 3 -and L 2 -edge jumps has been subtracted from each absorption spectrum 19 .
First-principles calculations with the local-density approximation (LDA) were performed using a WIEN2k package. Spin-orbit interaction was also included. In order to study the effect of This decomposition is crucial when estimating the magnetic moments using XMCD sum rules 12,13 .
The inset of We have estimated the spin and orbital magnetic moments of Fe and Co by applying the XMCD sum rules 19 :
where σ + and σ − denote absorption cross sections, namely XAS intensity, measured with x rays 
where S denotes the spin angular momentum operator, L the orbital angular momentum operator T the magnetic dipole operater T = S − 3r(r · S), and α represents the incident x-ray direction 26 .
The number of holes in the Fe and Co 3d shell, denoted by n h , was assumed to be 3.4 and 2.63, respectively 6, 25 . As for the Fe XAS area, which appears in the denominators of Eqs. (1) and (2), we used the fitted FePt component to exclude oxide contributions. By applying this correction, the estimated magnetic moments increased by at most ∼30%.
Although m T term can be ignored in cubic systems with T d or O h symmetry, it cannot be neglected in the case of highly anisotropic systems such as L1 0 -ordered alloys. Here we estimate the m T of Fe (Co) atom in FePt (CoPt) as follows. When spin-orbit coupling is weak and charge and spin are decoupled as in 3d transition metals, m T can be expressed as Note that uncertainties are shown in parentheses. where α, β = x, y, or z denotes the Cartesian frame. m and is plotted in Fig. 3(c) . Note that the m T term for Co is negligibly small according to our LDA calculation. This disagrees with the previous experiments 7-9 but agrees with the theoretical prediction 10 . In Out-of-plane magnetic hysteresis curves were also measured by magneto-optical Kerr effect (MOKE) and are shown in Fig. 3(d) . Coercive field (H C ) is also plotted in Fig. 3(c) . In spite of the small change in the degree of L1 0 order caused by Co substitution, H C or the magnetic anisotropy decreases rather rapidly.
In order to understand the microscopic mechanism why the magnetization decreased with Co doping, we have calculated the densities of states (DOSs) of Fe 1−x Co x Pt. Fig. 4(a) shows the 
